Objective: Examination of time trends in the consumption of dairy food and their impact on fat and calcium intakes in German children and adolescents. Design: Dietary records from the DONALD Study (DOrtmund Nutritional and Anthropometric Longitudinally Designed Study). Methods: A total of 5068 3-day weighed dietary records from 914 1 to 13-y-old children and adolescents collected between 1986 and 2001 were analysed using a mixed linear model, in which the means of the data and the covariance structure specific to the DONALD Study were modelled. Results: During the study period, the consumption of 'milk products' in children and adolescents Z4 y remained stable, since the reduced consumption of 'fluid milk' (between À2.8 and À7.4 g/day/study year) was compensated for by an increased consumption of 'yoghurt' (between þ 2.4 and þ 3.3 g/day/study year). The consumption of 'cheese' increased in subjects Z4 y (between þ 0.2 and þ 0.7 g/day/study year). In 1 to 3-y-old children, the decreased intake of 'fluid milk' (À6.5 g/day/study year) was not compensated for by the increased intake of 'formula' ( þ 3.5 g/day/study year). The percentage of 'low-fat milk products' significantly increased (although not significant in 9-13-y-old boys) to nearly 25% of milk products. The impact of dairy food on fat intake (as percentage of energy intake) remained stable with the exception of a slight reduction in 4-8 y olds, the impact of dairy on calcium (as percentage of US adequate intake) decreased only in 1-3 y olds. Conclusions: The consumption of dairy food remained widely stable over time in Z4-y-old children and adolescents, but decreased in 1-3 y olds. A further decline in this age group would be undesirable as is the shift from common milk to formula. The intake of 'low-fat milk products' increased and should be continuously promoted.
Introduction
Dairy foods are main contributors to dietary quality, since in a mixed diet they provide considerable amounts of energy, fat, magnesium, zinc, and vitamin B 2 Miller et al, 2001) . Particularly, dairy foods are the most important source of dietary calcium providing more than half of total intake (Bergstrom et al, 1993; Deutsche Gesellschaft für Ernährung, 1994; Fleming & Heimbach, 1994; Nitzan Kaluski et al, 2001) . Several dietary surveys have reported an adequate calcium intake in children and adolescents on average, for example, in the Netherlands (Lowik et al, 1994) or Norway (Andersen et al, 1995) . Calcium intake data from the previous German National Food Consumption Survey 1986 -1989 (Deutsche Gesellschaft für Ernährung, 1994 ) for 4 to 18-y-old children and adolescents (boys: 720-940 mg/day, girls: 680-760 mg/day) were well below the recent US adequate intakes (Institute of Medicine, 1999) . Several surveys have identified female adolescents as a risk group for inadequate calcium intakes (Hackett et al, 1984; Fleming & Heimbach, 1994; Rockett et al, 1996; Suitor & Gleason, 2002) . Low calcium intakes were also reported for US preschool children in a low socioeconomic community (Nitzan Kaluski et al, 2001) . Whereas calcium intake is often below the recommended intakes, the fat intake of children and adolescents in Western industrialised countries is too high (Department of Health, 1989; Lowik et al, 1994; De Henauw et al, 1997) . Dairy foods are an important source of discretionary fat, especially saturated fatty acids Dennison et al, 2001; Miller et al, 2001 ). Therefore, attention should be paid to the consumption patterns of dairy foods.
Eating habits are apparently changing with time. There is a lack of data concerning possible long-term changes of dietary habits, especially in children and adolescents of Western industrialised countries. The DONALD Study (DOrtmund Nutritional and Anthropometric Longitudinally Designed Study) gives the opportunity to evaluate long-term food and nutrient intake data on the basis of 3-day weighed dietary records of infants, children, and adolescents collected since 1985. Here, we examine time trends in the consumption of dairy foods and their contribution to intakes of calcium and fat in 1 to 13-y-old subjects between 1986 and 2001.
Subjects and methods

Subjects and study design
The sample for this evaluation was taken from the DONALD Study, an ongoing mixed longitudinal cohort study collecting detailed data on diet, metabolism, growth and development from healthy subjects between infancy and adulthood (once a year for subjects older than 2 y). Details have been described elsewhere (Alexy et al, 1998 (Alexy et al, , 2002 Kersting et al, 1998b) . The study started in the middle of 1985 with children and adolescents of different ages participating in exclusively anthropometric studies at our institute. Since then yearly cohorts of about 40-50 healthy infants have been enrolled. Mothers are recruited in maternity wards or are informed by other study participants.
Although the DONALD Study sample is not representative because upper social class families are over-represented (Kersting et al, 1998b) , several evaluations showed no or only minor differences in dietary habits in the DONALD Study compared to the previous German National Food Consumption Survey Kersting et al, 1998a, b) . Also time trends are comparable, for example, to the findings of the MONICA Study in Germany (Alexy et al, 2002) .
Dietary survey
Parents of the children or the older subjects themselves weighed and recorded all foods and fluids consumed as well as leftovers using electronic food scales (71 g) on three consecutive days. Details have been described earlier (Kersting et al, 1998b) . Product information from wrappers, cartons, etc. were kept and evaluated with the dietary records by our dietitians. Semiquantitative recording (eg number of spoons, scoops) was allowed if weighing was not possible. However, in 75% of the completed records more than 90% of the food items were weighed.
Nutrient intakes were calculated using our nutrient database LEBTAB (Research Institute of Child Nutrition, 2002) , which is continuously updated by all new recorded food items. For LEBTAB, nutrient contents of common foods are taken from standard nutrient tables. Those of commercial food products are determined either by using the product labels or by simulating recipes from the ingredients listed, including fortification.
For this analysis, the following food groups were aggregated: Additionally, consumption of 'low-fat milk products' (semiskimmed and skimmed dairy), was calculated as percentage of 'milk products'.
To evaluate the impact of trends in food group intake on fat and calcium intake, we calculated the contribution of 'fluid milk', 'yoghurt', 'cheese' and 'formula' to total intakes of fat (as % of energy intake) and calcium (as individual percentage of US reference intake, ie adequate intake, AI%; Institute of Medicine, 1999) .
Statistical analysis SAS
s procedures (Version 6.12; Statistical Analysis System, Cary, NC, USA) were used for data analysis. Food and nutrient intakes were calculated as individual means of the three recorded days. Results are presented as mean values 7s.d. To analyse the influence of time (trend) on the outcome variables a mixed linear model was used, in which the means of the data, the covariance structure, and the effect of repeated measurements were measured (PROC MIX). An exponential structure of covariance was specified to consider correlation of repeated measurements dependent on the absolute time interval of repeated measurements within the same subject. Trend results were noted (see b in Tables 2-4 
The DONALD Study is exclusively observational, nonintervening, and noninvasive as approved by the International Scientific Committee of the Research Institute of Child Nutrition. Table 1 gives details on sample characteristics. Between 1986 and 2001, a total of 5068 records from 914 subjects (444 males, 470 females) aged 1-13 y were collected and evaluated. On average, 5.5 records per participant were available.
Results
Subjects
Time trends in the consumption of dairy foods U Alexy and M Kersting
Between 150 and 391 records per study year could be analysed. Mean age ranged from 5.273.3 to 7.073.9 y per study year.
To validate dietary recording, the ratio of reported energy intake (EI) and predicted basal metabolic rate (BMR) was used. BMR was calculated using the Schofield equations (1985) including measured height and weight of the individuals. The mean EI:BMR ratios of the sample (Table 1) are within the recommended range of plausible dietary information (between 1.28 and 1.79 for children aged 1-5 y, between 1.39 and 2.24 for boys aged 6-18 y, and between 1.30 and 2.10 for girls aged 6-18 y) according to Torun et al (1996) . Table 2 shows the overall intakes and time trends of food group intake. Consumption of 'total food' increased significantly only in children o9 y, whereas the increased consumption of 'total beverages' was significant in all age groups. Intake of 'fluid milk' accounted for approximately 30% of 'total beverages' in 1-3-y olds, 26% in 4-8 y olds, 20% in 9 to 13-y-old boys and 17% in 9 to 13-y-old girls. During the study period, the intake of 'fluid milk' decreased in all age groups between À6.3 and À2.8 g/day/study year, being not significant only in the 9 to 13-y-old girls group. This decrease was partly compensated for by an increased intake of 'yoghurt' between 2.4 and 3.3 g/study year in Z4-y olds (not significant in 9 to 13-y-old boys). Therefore, the intake of 'milk products' remained constant in all age groups except young children of 1-3 y.
Trends in food group intake
In young children, the overall intake of 'formula' accounted for 8% of 'total beverages'. Here, the significant decrease of 'milk products' (À6.5 g/day/study year), because of a significant decrease of 'fluid milk' (À6.3 g/day/study year), was accompanied by an increased consumption of 'formula' ( þ 3.5 g/day/study year). In total, these trends resulted in a decrease of the sum of 'fluid milk' and 'formula' by À3.5 g/day/study year (P ¼ 0.0031) (Figure 1) .
The percentage of 'low-fat milk products' increased significantly by nearly 1% of total milk products per study year (Table 2 ). This increase was smaller and not significant only in the group of 9 to 13-y-old boys. In 1-3 y olds, where the percentage of 'low-fat milk products' was the lowest, the intake of this food group increased 2.5-fold from 8% in 1986 to 20% in 2001. In older children and adolescents, the intake of 'low-fat milk products' increased from 10-20% in 1986 up to 25-30% in 2001.
The overall intake of 'cheese' increased with age. During the study period, we found a significant positive time trend in all age groups older than 3 years between þ 0.2 and þ 0.7 g/day/study year (Table 2) . Tables 3 and 4 show overall intakes and time trends of fat intake (E%) and calcium intake (as AI%), total and separated into food groups.
Trends in intake of fat and calcium
The overall fat intake (E%) was 436E% in all age groups, but decreased significantly between À0.24 and À2.9E%/year. Fat intake from 'fluid milk' also decreased significantly in all age groups between À0.08 and À0.26E%. Fat intake from 'yoghurt' and 'cheese' increased significantly in 9 to 13-y-old Boys and girls (1-3 y) Boys and girls (4-8 y) Boys (9-13 y) Girls (9-13 y) Time trends in the consumption of dairy foods U Alexy and M Kersting boys and girls (Table 3) . These antipodal trends resulted in a constant total fat intake from dairy food, with the exception of a slight reduction in 4-8 y olds.
Total calcium intake (AI%) differed between age groups, with the lowest intakes being in female adolescents. During the study period, total calcium intake decreased in 1-3 y Table 3 Overall intake and time trends of fat intake (% of energy intake), total and from food groups in 1 to 13-y-old participants of the DONALD Study 1986-2001 (food group definition: cf Subjects and methods)
Boys and girls (1-3 y)
Boys and girls (4-8 y) Boys (9-13 y) Girls (9-13 y) Table 4 Overall intake and time trends of calcium intake (% of adequate intake a ), total and from food groups in 1 to 13-y-old participants of the DONALD Study 1986-2001 (food group definition: cf Subjects and methods)
Boys and girls (4-8 y) Boys (9-13 y) Girls (9-13 y) Children 1-3 y: 500 mg/day. 4-8 y:800 mg/day, adolescents 9-18 y: 1300 mg/day (Institute of Medicine, 1999). b b: time-trend weighted least-squares estimates, (p) P-values. Example: b=À0.50 is a (significant) mean decrease of À0.50 calcium (as% adequate intake) per year.
Time trends in the consumption of dairy foods U Alexy and M Kersting olds, but increased in older children and adolescents (not significant in 9 to 13-y-old boys only) (Table 4) . Calcium intake from 'fluid milk' decreased in all age groups (not significant in 9 to 13-y-old girls), but calcium intake from 'yoghurt' increased in 43 y olds (not significant in 9 to 13-yold boys). Intake of calcium from 'cheese' increased in 9-13 y olds, and from 'formula' in 1-3 y olds. Calcium intake (AI%) from dairy food remained constant with the exception of a reduction in young children.
Discussion and conclusion
This 15-y time-trend analysis of intake of dairy foods products in 1 to 13-y-old German children and adolescents from the DONALD Study leads to the following main results: (a) consumption of 'milk products' remained stable and the consumption of 'cheese' increased in children and adolescents Z4 y. (b) The reduced consumption of 'fluid milk' was compensated for by an increased consumption of 'yoghurt'. (c) In 1 to 3-y-old children, the decreased intake of 'fluid milk' was not compensated for by the increased intake of 'formula'. (d) Percentage of 'low-fat milk products' increased significantly in all age groups with the exception of 9-13-yold boys.
Food group intake
The overall consumption of 'milk products' and 'cheese' in the diet of children and adolescents Z4 y from the DONALD Study are in good accordance with the previous German National Food Consumption Survey conducted during 1986/ 89, where an intake of milk products between 322-348 g/day (4 to 14-y-old boys) and 293-262 (4 to 14 y-old girls) and of cheese (incl. soft cheese) between 14-27 g/day (boys) and 16-23 g/day (girls) was reported (Deutsche Gesellschaft für Ernährung, 1994). In the US Food Guide Pyramid, a total of two to three servings of dairy products per day, based on the amount of calcium in one cup (8 ounces ¼ 225 g) of milk, are recommended for children and adolescents (United States Department of Agriculture, 2000) . This corresponds to 450-685 g/ day (16-24 ounces). In food-based dietary guidelines for German children and adolescents (Optimised Mixed Diet, OMD), developed by the Research Institute of Child Nutrition, a daily consumption of dairy products between 300 g (1 y olds) and 500 g (15 to 18 y-old boys) is recommended (Alexy et al, 2000) . The overall intake of dairy foods in the DONALD Study reached the guidelines of the OMD in the younger age groups and in 9 to 13-y-old girls, and were higher in the 9 to 13-y-old boys, but fell below the US guidelines except for 9 to 13-y-old boys.
Time trends of food group intakes
In children and adolescents 43 y of age in the DONALD Study, the intake of milk products remained constant over time. There is a lack of other data on time trends in the intake of dairy foods in German children and adolescents.
The MONICA Project Augsburg showed only a slight increase in consumption frequency of milk and milk products and cheese between 1984/85 and 1994/95 in German adult men (Schaeffler et al, 1996) . In the USA, a decline in dairy product consumption was found in children and adolescents 2-17 y old (Morton & Guthrie, 1998) . There a decrease in milk consumption in adolescents between 1965 and 1996 was not compensated for by an increased consumption of other dairy products (Cavadini et al, 2000) , which is in contrary to our results.
In the DONALD Study, dietary habits of 1-3 y olds differed clearly from dietary habits in older children. The reduced intake of 'fluid milk' during the study period was only partly compensated for by an increased intake of 'formula'. In the German Dietary Schedule for the first year of life (Kersting, 2001) , developed by the Research Institute of Child Nutrition in accordance with the Committee on Nutrition of the German Pediatric Society, formula products are recommended for infants, but no longer for young children Z1 y. Although a nutritional benefit is not identifiable after the first year of life, follow-on formula and particularly toddlers' milk are widely advertised and much more expensive than common milk. Also with regard to nutrition education, young children should take part in the family diet.
Nutrient intakes
Although the intake of 'milk products' remained constant in 43 y olds, the total intake of calcium increased during the study period in all age groups. However, changes were only small (0.5-0.8 AI%/study year). The decreased impact of dairy on calcium intake with age also points to the importance of other food groups for calcium intake.
The particularly low calcium intake (AI%) in female adolescents might be explained by their lower energy requirement (Torun et al, 1996) and energy intake (Alexy et al, 2002) than adolescent boys. Since the recommended AI in both sexes is the same (Institute of Medicine, 1999) , females would need a higher calcium density in their diet.
Since dairy foods are important sources for discretionary fat, an increased intake of these food groups would not be unequivocally desirable. In the DONALD Study, the intake of fat from 'fluid milk' decreased with time, but the intake of fat from 'yoghurt' and 'cheese' increased, even in adolescents, resulting in a widely constant impact of dairy food on fat intake.
In recent food-based dietary guidelines (Alexy et al, 2000 , United States Department of Agriculture, 2000 , it is recommended to choose fat-free or low-fat milk and milk products. The reason behind this is the lower content of calories and saturated fat, whereas the content of other nutrients is virtually the same. Reported prevalence of drinking low-fat milk differs clearly in industrialised countries, with a lower prevalence in younger age groups (Munoz et al, 1997; Skinner et al, 1997; Gregory et al, 2000; Dennison et al, 2001 ). An increasing time trend of consumption of low-fat milk in children and adolescents, as found in the Time trends in the consumption of dairy foods U Alexy and M Kersting DONALD Study, was also reported in the USA (Morton & Guthrie, 1998; Cavadini et al, 2000) . However, at present, 'low-fat milk products' in the DONALD Study comprises 25% of total milk products at the most. Therefore, further efforts are necessary to stabilise this trend.
In the DONALD Study, the 1-3 y olds had the lowest intake of 'low-fat milk products'. The right time for the transition from the recommended high-fat nutrition of infants to the low-fat nutrition in an overall preventive diet for children is still controversial. The American Academy of Pediatrics, Committee on Nutrition, stated in 1998 that no restriction of fat is recommended for children o2 y (American Academy of Pediatrics, 1998), which means that low-fat milk products is not recommended in this age group. However, a previous cross-sectional analysis of the DONALD Study showed that fat intake decreased considerably during the first year of life to a minimum around the age of 9 months and increased thereafter with participation in the family diet , the children showing normal growth (Alexy et al, 1998) . Several other studies also reported normal growth with a low-fat intake in infants in the second-half of the first year of life (Fuchs et al, 1994; Michaelsen & Jrgensen, 1995) and children (Boulton & Magarey, 1995; Niinikoski et al, 1997 ). An impaired nutrient intake, especially of fat-soluble vitamins, with a low-fat diet was presumed, but not confirmed by recent studies (Fuchs et al, 1994; Boulton & Magarey, 1995; Niinikoski et al, 1997; Rogers & Emmett, 2002) . No unfavourable effects of a moderate restriction of dietary fat on neurodevelopement in early childhood were found (Rask-Nissilä et al, 2002) . Therefore, in the OMD, low-fat milk (1.5% fat) is recommended from the age of 1 y, since nutritional or health risks are not recognisable at the moment.
Conclusion
The consumption of dairy food remained widely stable over time in Z4 y old children and adolescents, but decreased in 1-3 y olds. A further decline in this age group would be undesirable as is the shift from common milk to formula. The intake of 'low-fat milk products' increased and should be continuously promoted.
